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(54) Color cathode-ray tube 

(57) The outer surface of a panel effective section 
(20) of a vacuum envelope (10) is substantially flat- 
tened. A phosphor screen (24) is formed on the inner 
surface of the effective section and includes stripe- 
shaped phosphor layers and light at)sorption layers 
arranged in parallel. The panel effective section is 
formed such that a comer portion is 8 mm to 15 mm 
thicker than the central portion and the transmittance of 
the central portion is set at 40% to 60%. The phosphor 
screen is formed such that the ratio of the width of a light 
absorption layer to the pitch phosphor layers in the cen- 
tral portion of the panel effective section is larger than or 
equal to that in the peripheral portion thereof. A shadow 
mask (27) is opposed to the phosphor screen and has a 
mask body (25) in whk:h a number of electron beam 
passage apertures are formed. The pitch of apertures 
fomied in the peripheral portion of the mask body is 1 .3 
to 1 .4 times as large as that of apertures formed in the 
central portion thereof. 
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Description 

[0001] The present invention relates to a color cathode-ray tube whose panel has a flattened effective section. 
[0002] A commonly-used color cathode-ray tube includes a vacuum envelope having a substantially rectangular 

5 panel and a funnel. The panel has an effective section with a curved surface, and a phosphor screen is formed on the 
inner surface of the effective section. A substantially rectangular shadow mask is opposed to the phosphor screen. The 
shadow mask has a mask body in whk:h a number of electron beam passage apertures are formed and a mask frame 
supporting the periphery of the mask body. The shadow mask is supported on the inner surfece of the panel by fitting 
elastic support members, which are attached to the mask frame, to tiieir corresponding stud pins provkied on the panel. 

10 [0003] An electron gun for emitting electron beams Is amanged in a neck of the funnel. In this color cathode-ray 
tube, three electron beams, which are emitted from the electron gun. are deflected by a deflection yoke mounted on the 
outer surface of the funnel and scan the phosphor screen horizontally and vertically through the electron beam passage 
apertures of the shadow mask, theretyy displaying a color image. 

[0004] As the phosphor screen, a black stripe type Is known in whfch a plurality of strip-shaped, black light absorp- 
15 tion layers, whbh are long in the short-axis direction of the panel, are arranged in parallel in the long-axis direction 
thereof, and strip-shaped three-color phosphor layers, which are long in the short-aws direction of the panel, are each 
formed between adjacent light absorption layers. In the shadow mask, the plural electron beam passage apertures are 
arranged in lines to form aperture rows each extending in the short-axis direction of the panel, and a pturafrty of aperture 
rows each including a pluraRty of electron beam passage apertures are arranged in parallel in the long-axis direction. 
20 [0005] In the color cathode-ray tube described above, generally, three electron beams need to be correctly landed 
on their corresponding three-color phosphor layers of the phosphor screen through the apertures of the shadow mask 
in order to display an image on the phosphor screen without color purity drifts. It is thus necessary to exactly hold the 
shadow mask in a given position with respect to the panel. 

[0006] A color cathode-ray tube, which has been improved in viewability by decreasing the curvature of tiie outer 
25 surface of an effective section of a panel nearly to that of the plane, has recently been put to practical use. In this color 
cathode-ray tube, the curvature of the inner surface of the effective section also needs to decrease in view of fomiability 
and viewability of the panel, as does the curvature of a surface opposed to a phosphor screen of a shadow mask in 
accordance wrtti the curvature of the inner surface of the effective section. 

[0007] If. however, the curvature of the inner surface of the panel decreases, a reduction in the atmospherto-pres- 
30 sure resistance of the vacuum envelop will turn into problems. If the effective section totally increases in thtekness in 
order to avoid the reduction, the transmittance of the panel decreases and consequently the brightness of an image dis- 
played through tiie effective section lowers. 

[0008] If the peripheral portion of the effective section is formed thicker than the central portion thereof in order to 
secure the atmospheric-pressure resistance, a difference in transmittance between the central and peripheral portions 

35 becomes wider in accordance with the increase in the thtekness of the peripheral portion. This difference makes a large 
difference in brightness between the central and peripheral portions of the panel and greatiy decreases the viewablity 
of the panel when an image is displayed. If the transmittance of the panel is increased to avoid these, the contrast of 
the image is degraded. A method of adhering a film of low transmittance onto the outer surface of the effective section 
can be adopted as a measure for avoiding the degradation of contrast however, in this case, the number of manufac- 

40 turing steps increases and so does the manufacturing costs. 

[0009] If the shadow mask decreases in curvature in accordance with the inner surface of the effective section of 
the panel, it decreases in mechanical strength and is easily deformed in the manufacturing process of the color cath- 
ode-ray tube. The deformation of the shadow mask degrades color purity. 

[0010] Furthermore, the color purity is degraded kiy doming of the shadow mask. In the color cathode-ray tube, as 
45 operation principles, electron beams reaching the phosphor screen through the apertures of the shadow mask are not 
more than one-tiiird of all electron beams emitted from the electron gun, and the other electron beams collide with the 
portion of the shadow mask otiier than the apertures and heats the shadow mask. By this heating, the shadow mask is 
thermally expanded to cause doming expanded in the direction of the phosphor screen. 

[001 1 ] The doming varies a distance (q value) between the phosphor screen and the shadow mask. If the variation 
so exceeds a permissible range, the electron beams land on positions displaced from target three-color phosphor layers 
and thus the color purity is degraded. The displacement of the landed beams due to the doming varies with the bright- 
ness of an image pattern to be displayed and the duration thereof. When a high-brightness image pattern is locally dis- 
played, a local doming occurs and displaces the landed beams locally in a short time. This doming appears more 
conspicuously when the shadow mask decreases in curvature and turns into unavoidable problems when the effective 
55 section of the panel is flattened. 

[001 2] The present invention has been developed in consideration of the above problems and its object is to provkie 
a color cathode-ray tube which is Improved in image quality by reducing a deterioration in color purity and a difference 
in brightness, without degrading the atmospherk:-pressure resistance of a panel or tiie mechank»l strength of a 
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shadow mask, even when the outer surface of an effective section of the panel is flattened. 

[0013] To attain the at)ove object, a color cathode-ray tube according to one aspect of the present invention com- 
prises: 

5 an envelope including a panel having a substantially rectangular effective section with a suk)stantially flat outer sur- 
face, and a funnel joined to the panel; 

a phosphor screen formed on an inner surface of the panel, the phosphor screen including a plurality of strip- 
shaped fight absorption layers arranged in parallel with one another and a plurality of strip-shaped phosphor layers 
arranged in parallel and each formed in a gap between adjacent light absorption layers; 
10 an electron gun an^nged in a neck of the funnel, for emitting electron beams toward the phosphor screen; and 

a shadow mask provided opposite to the phosphor screen, the shadow mask having a pluranty of aperture rows 
arranged in parallel, each of the aperture rows including a plurality of apertures arranged in line, a bridge being 
interposed between adjacent apertures, 

wherein the envelope includes a tube axis extending through a center of the effective section and the electron gun, 
IS a long axis crossing the tube axis at right angles, and a short axis crossing the long axis and the tube axis at right 
angles; 

the effective section of the panel is formed such that a comer portion is 8 mm to 16 mm thicker than a central por- 
tion, and transmlttance of the central portion is set to 40% to 60%; and 

the phosphor screen is formed such that a ratio of a width of each of the light absorption layers to the pitch of the 
20 phosphor layers is larger in the central portion of the effective section than in at least a part of a peripheral portion 
thereof. 

[001 4] In the color cathode-ray tube having the above structure, even though the outer surface of the effective sec- 
tion of the panel is almost flattened, an adequate atmospheric-pressure resistance can be maintained in ttie vacuum 

25 envelope and the peripheral portion of the panel can be prevented from decreasing In brightness. 

[0015] According to the color cathode-ray tube of the present invention, the phosphor layers and the light absorp- 
tion layers of the phosphor screen, and the aperture rows of the shadow mask extend substantially in parallel with the 
short axis, and if a width of apertures fonned in a central portion of the shadow mask along the long axis is Ac, a widtti 
of apertures formed in short axis end portions thereof along the long axis is Av, a width of apertures formed in long axis 

30 end portions thereof along the k>ng axis Is Ah, and a wkitii of apertures formed at each comer portion thereof along the 
long axis is Ad, following relationships are given: 

Ac £ Av < Ad, and Ac < Ah £ Ad. 

as [001 6] Moreover, according to the color cathode-ray tube of the present invention, the aperture rows of the shadow 
mask extend sut)stantially in parallel with the short axis, and if a pitch of apertures arranged in a central portion of the 
shadow mask along the long axis is Wc, a pitch of apertures arranged in a short axis end portions thereof along the 
long axis is Wv, a p'rtch of apertures armnged in a long axis end portions thereof along the long axis is Wh, and a pitch 
of apertures arranged at a corner portion thereof along the long axis is Wd, following relationships are given: 

40 

Wc £ Wv, and 1.3WC < Wh £ Wd. 

[0017] In the color cathode-ray tube having the above structure, the pitch of rows of electron beam passage aper- 
tures in the peripheral portion of the panel is 1 .3 times or larger than that in the central portion thereof. It is thus possible 
45 to obtain an adequate margin for multicolor emission of electron beanns caused by variations in electron-beam landing 
position due to thermal expansion of the shadow mask can be obtained, thereby suppressing a degradation in color 
purity due to the variations in electron-beam landing position. 

[0018] In the color cathode-ray tube of the present invention, if thfcknesses of a central portion, long axis end por- 
tions, short axis end portions, and corner portions of the effective section of ttie panel are tc, tv, th, and td, respectively, 
so it is desirable to satisfy the folkiwing relationships in order to improve in strength: 

tc < tv < td, and tc < th < td. 

[0019] This summary of the invention does not necessarily describe all necessary features so that the invention 
55 may also be a sub-combination of these described features. 

[0020] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 
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FIG. 1 is a cross-sectional view showing a color cathodenray tube according to an embodiment of the present inven- 
tion; 

FIG. 2A is an enlarged plan view showing a part of a phosphor screen of the color cathode ray tube; 
FIG. 2B is a cross-sectional view taken along line IIB - IIB of FIG. 2A; 
5 FIG. 3 Is a plan view showing a shadow mask of the color cathode-ray tube; 

FIG. 4A is a graph showing a relationship between the widths of phosphor layers of the phosphor screen and the 
positions on the long axis of an effective section of a panel; 

FIG. 48 is a graph showing a relationship between the widtiis of phosphor layers of the phosphor screen and the 
positions on the long sides of the effective section; 
10 FIG. 5A is a graph showing a relationship between the pitches of the phosphor layers and the positions on the long 
axis of the effective section; 

FIG. 58 is a graph showing a relationship between the pitches of tiie phosphor layer and the positions on the long 
sides of the effective section; 

FIG. 6A Is a graph showing a relationship between the ratio D/P of pitches of the phosphor layers to widths thereof 
IS and the positions on the long axis of the effective section; 

FIG. 68 is a graph showing a relationship between ttie ratio D/P of pitches of the phosphor layers to widths thereof 
and the positions on the long sides of the effective section; 

FIG. 7A is a graph showing a relationship between the pitches of the apertures formed in the shadow mask and the 
positions on the long axis of the mask body; 
20 FIG. 78 is a graph showing a relattonship between the pitches of the apertures formed in the shadow mask and the 
positions on the long sides of the mask body; 

FIG. 8A is a graph showing a relationship between the widths of apertures formed in the shadow mask and the 
positions on the long axis of a mask body; 

FIG. 88 is a graph showing a relationship between the widths of apertures formed in the shadow mask and the 
25 positions on the long sides of the mask bod^ 

FIG. 9A is a graph showing a relationship between the ratio D/P of pitches of the phosphor layers to widths thereof 
and the positions on the long axis of the effective section in an example 3; and 

FIG. 98 is a graph showing a relationship between the ratio D/P of pitches of the phosphor layers to widtiis thereof 
and the positions on the long sides of the effective section in the example 3. 

30 

[0021 ] A color cathode-ray tube accordi ng to an embodiment of the present invention will now be described in detail 
with reference to the accompanying drawings. 

[0022] As illustrated in FIG. 1 , the color cathode-ray tube comprises a vacuum envelope 1 0 which includes a glass- 
made panel 22 having a substantially rectangular effective section 20 and a skirt section 21 standing along the periph- 

35 oral portion of the effective section, and a glass-made funnel 23 joined to the skirt section 21 . 

[0023] A phosphor screen 24 is fomied on the inner suriiace of the effective section 20 of the panel 22. A shadow 
mask 27 is anianged in the vacuum envelope 1 0 and opposed to the phosphor screen 24. The shadow mask 27 is con- 
stituted of a substantially rectangular mask body 25 having a number of electron beam passage apertures and a rec- 
tangular mask frame 26 supporting a peripheral portion of the mask body. The shadow mask 27 is detachably 

40 supported on tiie panel 22 by fitting elastic support members 28 mounted on the mask frame 26 to stud pins 29 pro- 
vided on the inner surface of the skirt section 21 . The funnel 23 includes a neck 31 in which an electron gun 33 for emit- 
ting three electron beams 328, 32G and 32R is arranged. 

[0024] The vacuum envelope 1 0 including the panel 22 has a tube qms Z extending through the center of the effec- 
tive section 20 and the electron gun 33, a long axis (horizontal axis) X crossing the tube axis at right angles, and a short 
45 axis (vertical axis) Y crossing the tube axis Z and tong axis X at right angles. 

[0025] TTie three electron beams 328, 32G and 32R emitted from the electron gun 33 are deflected by a deflection 
yoke 35 mounted on the outer surface of the funnel 23, and the phosphor screen 24 is scanned horizontally and verti- 
cally with the electron beams through the electron beam passage apertures of the shadow mask 27, thus displaying a 
color image. 

so [0026] In this embodiment, the outer surfece of the effective section 20 of the panel 22 is an almost flat one or a 
curved one having a gentle curvature, while the inner surface thereof has a curved one having a larger cun/ature than 
that of the outer surface. The effective section 20 is 8 to 15 mm thk^ker in its comer portions than in its central portion. 
TTie transmlttance of the central portion of the effective section 20 ranges from 40% to 60%. 

[0027] As shown in FIG. 2, the phosphor screen 24 includes a plurality of strip-shaped black light absorption layers 
55 37 extending in a direction parallel to the short axis Y of the panel 22 and ananged in parallel at regular intervals in the 
direction of the long axis X, and strip shaped three-color phosphor layers 388, 38G and 38R extending in a direction 
parallel to the short axis Y and each fbrnied between acQacent light absorption layers 37. The ratio M (= P/8) of widtii 
B of each of the light absorption layer 37 to pitch P of the phosphor layers, which are vimed from the outer surface of 
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the effective section 20 of tfie panel 22, In the central portion of the panel is larger than or equal to those in the periph- 
eral portions thereof in the long- and short-axis directions. The pitch of the three-color phosphor layers 38B, 38G and 
38R along the long axis X is indicated by R 

[0028] The mask body 25 of the shadow mask 27 has a curved surface whose curvature corresponds to that of the 
5 inner surface of the effective sech'on 20 of the panel 22. As shown in FIG. 3, a pluraRty of aperture rows extending 
almost in parallel with the short axis Y are arranged on the mask body 25 at regular intervals in the direction of the long 
axis X. Each of the aperture rows includes a plurality of electron beam passage apertures 41 arranged in line. A bridge 
40 is Interposed between two adjacent electron beam passage apertures 41 . 

[0029] Assume that the apertures 41 arranged in the central portion of the mask body 25 have a pitch Wc in the 
10 direction of the long axis X, the apertures 41 arranged in the short axis end portions, i.e., in portions close to the long 
sides of the mask body have a pitch Wv in the direction thereof, the apertures 41 an-anged in the long axis end portions, 
i.e., in portions dose to the short sides of the mask body have a pitch Wh in the direction thereof, and the apertures 41 
arranged at the corner portions have a pitch Wd in the direction thereof. The apertures 41 are therefore formed so as 
to satisfy the following expressions (1 ) and (2): 

15 

WcsWv (1) 
1.3Wc<WhsWd (2) 

20 [0030] Assume that the apertures 41 arranged in tiie central portion of the mask body 25 each have a widtii Ac in 
the direction of the long axis X crossing the aperture rows at right angles, the apertures 41 arranged in the short axis 
end portions of the mask body each have a width Av in the direction thereof, the apertures 41 arranged in the long axis 
end portions of the mask body each have a width Ah in the direction thereof, and the apertures 41 arranged at the cor- 
ner portions of the mask body each have a widtii Ad in ttie direction tiiereof. The apertures 41 is tiierefore fomried so 

2S as to satisfy the following expressions (3) and (4): 

Ac s Av < Ad (3) 
Ac < Ah £ Ad (4) 

30 

[0031 ] In the color cathode-ray tube, the phosphor screen 24 can easily be produced by photolithography using the 
shadow mask 27 as a photomask. 

[0032] According to the color cattiode-ray tube described above, the atmospheric-pressure resistance necessary 
for the vacuum envelope 10 can be secured even though the effective section 20 of the panel 22 is flattened, and the 
35 brightness of an image seen through the effective section 20, espedally that of the peripheral portion of tiie screen can 
be improved. Moreover, even though the effective section 20 is flattened, the mechanical strength of the shadow mask 
27 can be prevented from decreasing, and the shadow mask 27 can be inhibited from being deformed in the manufac- 
turing process of the color catiiode-ray tube and from being domed when the tube operates, thereby lessening a deg- 
radation of color impurity. 

40 [0033] Specific examples 1 and 2 coresponding to tiie embodiment of the present inventton will now be described 
together w'rtti a comparison example. 

[0034] Assume that the comparison example is directed to a color cathode-ray tube whose panel has an aspect 
ratio of 4:3 and a diagonal line of 60 cm. In this color cathode-ray tube, the glass transmrltance in the central portion of 
the effective section of the panel is about 80%, the thickness of the central portion is 12.5 mm, and a difference in thick- 

45 ness (wedge) between the central and peripheral portions of the effective section is set at 13 mm, the latter being 
thteker than the former. The ratio of the width of a light absorption layer to the p'rtch of phosphor layers of a phosphor 
screen is about 37% in tiie centifal portion of the effective section and about 51 % in the peripheral portion thereof. The 
width of a bridge formed between adjacent apertures constituting an aperture row of a shadow mask is about 100 urn 
in the central portion of tiie mask body and about 1 20 jim in the peripheral portion thereof. The apertures of the shadow 

so mask are anBnged at variable pitches such that the pitch of apertures in the central portion of the shadow mask along 
the long axis is 140% of that of apertures arranged in the long axis end portions thereof. The ratio CB (corner bright- 
ness) of brightness of corner portions of the effective section to that of the central portion thereof is about 62%. 
[0035] The brightness ratio CB con-esponds to transmittance Tr of the effective section of the panel, which is given 
by the following equation (5), when the transmittance of the central portion of the effective section is Tc and that of the 

55 peripheral portion thereof Is Td. 



Tr=:Tdrrc (5) 
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[0036] In the embodiment of the present invention, that value which is measured by directing light with a wave 
length of 546 nm in a direction parallel to the tube axis Z is used as the glass transmittance of the panel. 
[0037] In a color cathode-ray tube of specific example 1 , the outer surface of a panel effective section is flattened, 
and the thickness of a central portion of the panel effective section, the width of a bridge between adjacent apertures 

5 constituting an aperture row of a shadow mask, and the pitch of apertures along the long axis of the shadow mask are 
set to the same as those of the comparative example described above. The glass transmittance of the central portion 
of the panel effective section is decreased to about 55%. and the ratio M of width B of the light absorption layer 37 to 
pitch P of the phosphor l^rs (M = B/P ) is about 47% in the central portion of the effective section and about 43% in 
the peripheral portion thereof. As a result, the brightness ratio CB of comer portions to that of the central portion of the 

10 effective section is about 60%, and the same satisfactory values as those of the comparative example are maintained. 
[0038] In a color cathode-ray tube of speciffc example 2, the thickness of a central portion of a panel effective sec- 
tion, the width of a bridge between adjacent apertures constituting an aperture row of a shadow mask, and the pitch of 
apertures along the long axis of the shadow mask are set to the same as those of the comparative example described 
above. However, the glass transmittance of ttie central portion of ttie panel effective section is decreased to about 40%, 

15 and the ratio M of width B of a light absoiption layer 37 to pitch P of phosphor layers (M = B/P ) is about 53% in ttte 
central portion of the effective section and about 35% in the peripheral portion thereof. Consequentiy, the ratio CB of 
the brightness of comer portions of the effective section to that of the central portion thereof is about 60%, and the 
same satisfactory values as those of the comparative example are maintained. 
[0039] Table 1 shows the comparative example and the specific examples 1 and 2 as follows: 

20 



Table 1 





Comparative Example 


Example 1 


Example 2 


Transmittance (%) of Central Portion of Panel Effective Sec- 
tion 


80 


55 


40 


Thk:kness (mm) of Central Portion of Panel Effective Section 


12.5 


12.5 


12.5 


Difference (mm) in Thickness Between Central and Periph- 
eral Portions of Panel Effective Section 


13 


13 


13 


Ratio (%) of Area of Light Absorption Layers to Area of Phos- 
phor layers in Central Portion of Panel Effective Section 


37 


51 


59 


Ratio (%) of Area of Light Absorption Layers to Area of Phos- 
phor layers in Comer Portion of Panel Effective Section 


55 


43 


35 


Widtti (jim) of Bridge in Central Portion of Mask Body 


100 


100 


100 


Widtti (jim) of Bridge In Peripheral Portion of Mask Body 


110 


110 


110 


Ratio (%) of Through-Hole Pitch of Peripheral Portion of 
Mask Body to that of Central Portion thereof 


140 


140 


140 


CB(%) 


About 60 


About 60 


About 60 



[0040] As is seen from the above table, in the specific examples 1 and 2, and in an example 3 describe later, the 
45 glass transmittance of the panel effective section is about 25% to 40% lower than that In the comparative example, and 
the ratio M of the width of the light absorption layer in the central portion of the effective section to the pitch of the phos- 
phor layers is set larger tiian that in the comparative example, thus improving in contrast The same characteristics as 
those in using a color selection filter can be obtained without providing any color selection filter on the outer surface of 
the panel. 

so [0041 ] If the transmittance of the panel effective section is set lower than 40%, the corner brightness (CB) fal Is short 
of 60% when the color cathode-ray tube operates and accordingly the tube degrades in viewability It is ttierefore unde- 
sirable to make the transmittance of the central portion of the panel effective section lower than 40% but desirable to 
set it witiiin a range from 40% to 60% in view of vlewabilrly in order to secure the corner brightness of 60% or higher 
during the operation of the cathode-rBty tube. 

55 [0042] The relationship between a difference In thtekness between the central and peripheral portions of the effec- 
tive section of the panel (panel wedge) and atmospheric-pressure resistance (or explosion-proof characteristic) will now 
be described. According to the embodiment of the present Invention, if the thicknesses of the central portion, the short 
axis end portions, the long axis end portions, and the corner portions of the effective section are tc, tv, th and td, the 
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panel is formed to satisfy the following expressions and iniprove the atmospheric-pressure resistance. 

tc < tv < td, tc < th < td 

5 [0043] When the curvature radius of the outer surface of the panel effective section is 10m, the relationship 
between the thickness difference between the central and peripheral portions of the effective section (panel wedge) and 
the atmospheric-pressure resistance is shown in table 2 indicated below. 

[0044] As Is seen from the table, if the thickness difference is smaller than 8 mm, the vacuum envelope is insuffi- 
cient in atmospheric-pressure resistance as indteated by X (cross). To secure atmospheric-pressure resistance neces- 

10 sary for the vacuum envelope, the difference has to be set to 8 mm or larger as indfcated by A or O- Th® difference can 
be 20 mm in consideration of only the atmospheric-pressure resistance; however, in this case, the comer brightness 
ratio CB of brightness of the comer portions of the effective section to that of the central portion thereof is decreased 
and the cathode-ray tube is of no practical use in view of viewability If the glass transmittance of the panel effective sec- 
tion is set to 40% to 60% in view of viewabifity, then a range between 8 mm and 1 5 mm is adequate as the thk:kness 

15 difference. 



Table 2 



20 


Difference (mm) in Thickness between Central and Peripheral Portfons of Panel 
Effective Section 


0 


5 


8 


10 


15 


20 




Atmospheric-Pressure Resistance 


X 


X 


X-A 


O 


o 


o 



[0045] The relationship between the phosphor layers 38B, 38G and 38R and the black light absorption layers 37 of 
25 the phosphor screen 24 formed on the inner surface of the effective section 20 of the panel 22, will now be described 
in detail. 

[0046] In the graphs shown in FIGS. 4A and 48, the y-axis represents widths D of the phosphor layers and the x- 
axis does the distances rf from the central portion of the effective section 20 in the direction of the long axis X. FIG. 4A 
shows widths D in respective positions along the long axis X, while FIG. 48 does widtiis D in respective positions on 
30 the long sides of the effective section 20. It is clear from tiiese figures tiiat tiie widtii D of the phosphor layers increases 
toward the peripheral portion of the effective section 20 from the central portion thereof. 

[0047] In the graphs shown in FIGS. 5A and 58, the y-axis indicates tiie pitch P of the phosphor layers and ttie x- 
axis does the distance rf from the central portion of the effective section 20 in the direction of the long axis X. FIG. 5A 
shows pitches P in respective positions along the k>ng axis X, while FIG. 58 does pitches P in respective positions on 

35 the long sides of tiie effective sectfon 20. It is dear from these figures that the pitch P of the phosphor layers also 
increases toward the peripheral portion of the effective section 20 to the central portion thereof. 
[0048] If the widttis of the phosphor layers in the central portion, the long-side portions, the short-side portions, and 
the comer portions of ttie panel effective section are Dc, Dv. Dh, and Dd, respectively and the pitches of ttie phosphor 
layera in these portions are Pc, Pv, Ph, and Pd, ttie ratio of width D to pitch P has the following relationships as shown 

40 in FIGS. 6A and 68: 

(Dc^Pc) s (Dv/Pv) < (Dd/Pd), and 
(DcflPc) < (Dh/Ph) £ (Dd/Pd). 

45 

The relationships rndkste, as described above, that the ratio M of widtti 8 of ttie light absorption layer to pitch P of the 
phosphor layere in the central portion of the effective section is set larger than or equal to that in the peripheral portion. 
[0049] In the shadow mask 27 used when the ratio M is set larger than or equal to in the central portion than in the 
peripheral portion, the aperture widtiis A in the direction of the long axis and the aperture pitches W in the direction of 

50 the long axis are set as shown in FIGS. 7A to 88. In FIG. 7A, a curve 43a indicates the aperture widths A in respective 
positions along ttie long axis of the mask body 25. In FIG. 78, a curye 43b indicates ttie aperture widttis A in respective 
positions on the long sides of ttie mask body. In FIG. 8A, a curve 44a shows aperture pitches W in respective positions 
along ttie long axis X of ttie mask body In RG. 88, a curve 44b shows aperture pitches W in respective positions on 
the long sides of the mask body 

55 [0050] The aperture widttis A and aperture pitches W in the respective positions of the mask body 25 are as follows, 
whkdi satisfy the foregoing expressions (1) to (4). 

Wc = 0.700 mm, Wv = 0.705 mm, Wh = 0.920 mm, Wd = 0.925 mm 
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Wc s Wv, 1.3WC < Wh s Wd 

Ac - 0.170 mm, Av = 0.170 mm, Ah = 0.251 mm. Ad = 0.^ mm 

5 Ac 2 Av < Ad, Ac < Ah s Ad 

[0051] The following table 3 is directed to a variable-pitch shadow mask in which the aperture pitch W in the direc- 
tion of the long axis X is set larger in the peripheral portion of the mask body 25 than in the central portion thereof. Table 
3 shows determination results of a relationship between the ratio of aperture pitch Wc in the central portion of the mask 
10 body 25 to aperture pitch Wh In the long axis end portions thereof (Wo^) and the landing margin of electron beanns 
to the phosphor layers when the shadow mask is thermally expanded. 



Table 3 



\NhMc 


1.2 


1.3 


1.4 


Landing Margin in Short-Side Portions (|im) 


34.0 


59.0 


83.0 


Results of Determination 


X 


A-O 


O 



20 

[0052] Even though the shadow mask is thermally expanded, a landing margin of at least 50-|im is desired in order 
to prevent electron beams from being erroneously landed at another-color phosphor layers. In the variable-pitch 
shadow mask, therefore, an adequate margin for multkx)k>r emission of electron beams can be obtained if the ratio 
Wc/Wh is set at about 1 .3 to 1 .4 as shown in Table 3. 

25 [0053] In a phosphor screen formed using such a shadow mask, even when the ratio of the width of a light at)sorp- 
tion layer to the pitch of phosphor layers in the central portion of a panel effective section is set larger than or equal to 
that in the peripheral portion thereof in order to prevent a degradation in viewability due to a difference in brightness 
between the central and peripheral portions, the width of the light absorption layer can sufficiently be increased in the 
peripheral portion. For ttiis reason, even though the shadow mask is thermally expanded by the collision of electron 

30 beams, the multteolor emission of electron beams in the peripheral portion of the panel orthe landing of electron beams 
at a plurality of phosphor layers can be lessened and accordingly an adequate margin for a degradation in color purity 
can be obtained. In other words, it is desirable that a margin for an error in landing of electron beams caused by varia- 
tions in electron beams due to thermal expansion of a shadow mask be at least 50 |im and, as described above, the 
margin has an adequate value of 59 \im if the ratio Wc/Wh is set at about 1 .3. 

35 [0054] As shown in FIGS. 4A to 5B, the width D and pitch P of the phosphor layers are both set larger in the periph- 
eral portion of the panel than in the cental portion thereof. This is because a nnargin for multicolor emission of electron 
beams is lowered due to variations in electron beam if only the widtii D is increased and the pitch P is decreased. It is 
thus important that tiie widtii D and pitch P of ttie phosphor layers be set larger In the peripheral portion of the panel 
than in the central portion thereof. 

40 [0055] In the shadow mask described above, a distance (q value) between the inner surface of the panel effective 
section and the mask body can be increased and so can be the curvature of the nnask body. Consequently, the mechan- 
ical strengtii of the shadow mask can be enhanced, and the shadow mask can be inhibited from being defomied in ttie 
manufacturing process of the color catiiode-ray tube or from being domed k)cally when the cathode-ray tube operates, 
theret)y lessening a degradation of color purity. 

45 [0056] As in an ^cample 3 shown In RGS. 9A and 9B, if ttie ratios M of ttie widtti of a light absorption layer to ttie 
pitch of phosphor layers in the central portion, the short axis end portions, the long axis end portions, and the corner 
portions of the effective section are referred as Mc, Mv, Mh and Md, respectively, ttiese ratios may be set to satisfy the 
following relattonship: 

so Mc ^ Mv. Mh ^ Md 

In this case, the same effects as in examples 1 and 2 can be obtained. 

[0057] The present invention is not limited to the above-mentioned embodiment. Various changes and modifica- 
tions can be made within the scope of the present invention. For example, in the above embodiment, the radius of cur- 
55 vature of the outer suriiace of the effective section of the panel is 10m; however, a more remaricable effect can be 
produced if the curvature radius is larger than 10m. 

[0058] In ttie color cattiode-ray tube as described in detail above, even though the outer surface of ttie effective 
panel is almost plane, the atmospheric-pressure resistance necessary for the vacuum envebpe can be secured and so 
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can be satisfactorily the brightness of images seen through the effective section, especially that of the peripheral portion 
of the screen. Even though the curvature of the shadow mask decreases as the effective section of the panel is flat- 
tened, the mechanical strength of the shadow mask can be prevented from decreasing, and the shadow mask can be 
inhibited from being deformed in the manufacturing process of the color cathode-ray tube or from being domed when 
5 the tube operates, thereby lessening a degradatton in color purity. 

Claims 

1 . A color cathode-ray tube comprising: 

10 

an envelope (1 0) including a panel (22) having a substantially rectangular effective section (20) with a substan- 
tially flat outer suriace, and a funnel (23) joined to the panel; 

a phosphor screen (24) fonmed on an inner surface of the panel, the phosphor screen including a plurality of 
strip-shaped light absorption layers (37) an^ged in parallel with one another and a plurality of strip-shaped 
IS phosphor layers (38B, 38G, 38R) arranged in parallel and each formed in a gap between adjacent light absorp- 

tion layers; 

an electron gun (33) ananged in a neck (31) of the funnel, for emitting electron beams toward the phosphor 
screen; and 

a shadow mask (27) provided opposite to the phosphor screen, the shadow mask having a plurality of aperture 
20 rows ananged in parallel, each of the aperture rows including a plurality of apertures (41) ananged in line, a 

bridge (40) being interposed between adjacent apertures; 
characterized in that 

the envelope (10) includes a tube axis (Z) extending through a center of the effective section (20) and the elec- 
tron gun (33), a long axis (X) crossing the tube axis at right angles, and a short axis (Y) crossing the long axis 

25 and the tube axis at right angles; 

the effective section (20) of the panel (22) is formed such that a corner portion is 8 mm to 16 nrvn thicker than 
a central portion, and glass transmrttance in the central portion is set to 40% to 60%; and 
the phosphor screen (24) is formed such that a ratio of a width of each of the light absorption layers (37) to a 
pitch of the phosphor layers (38B, 38G, 38R) is laiger in the central portion of the effective section than in at 

30 least a part of a peripheral portion thereof. 

2. A color cathode-ray tube according to dalm 1 , characterized in that the phosphor layers (38B, 38G, 38R) and ttie 
light absorption layers (37) of the phosphor screen (24), and the aperture rows of the shadow mask (27) extend 
substantially in parallel with the short axis (Y), and if a width of apertures (41) formed in a central portion of the 

35 shadow mask along the long axis (X) is Ac, a width of apertures fomied in short axis end porttons thereof along the 
long axis is Av, a width of apertures fonmed in long axis end portions thereof along the long axis is Ah, and a width 
of apertures formed at corner portions thereof along the long axis Is Ad, following relationships are given: 

Ac ^ Av < Ad, and Ac < Ah ^ Ad. 

A color cathode-ray tube according to claim 1 or 2, characterized in that the aperture rows of the shadow mask (27) 
extend substantially In parallel with the short axis (Y), and if a pitch of apertures (41) arranged in a central portion 
of the shadow mask along the long axis (X) Is Wc, a pitch of apertures arranged In short axis end portions thereof 
along the long axis is Wv, a pitch of apertures arranged in long axis end portions thereof along the long axis is Wh, 
and a pitch of apertures arranged at comer portions thereof along the long axis is Wd, following relationships are 
given: 

Wc s Wv, and 1.3Wc < Wh £ Wd. 

50 4. A color cathode-ray tube according to any one of claims 1 to 3, characterized in that if widths of the phosphor layers 
(388, 38G, 38R) in a central portion, short axis end portions, long axis end portions, and corner portions of the 
effective section (20) of the panel (22) are Dc, Dv, Dh, and Dd. respectively and pitches of the phosphor layers in 
the central portion, the short axis end portions, the long axis end portions, and the corner portions are Pc, Pv, Ph, 
and Pd, respectively, ratios of the widths to the pitches are set so as to have following relationships: 

55 

(Dc/Pc)a(E)v/Pv)<(Dd/Pd), and (Dc/Pc)<(Dh/Ph)s(Dd/Pd). 
5. A color cathode-ray tube according to any one of claims 1 to 4, characterized in that if thteknesses of a central por- 
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tion, short axis end portions, long axis end portions, and comer portions of the effective section (20) of the panel 
(22) are tc, tv, th, and td. respectively, following relationships are given: 



to < tv < td, and tc < th < td. 
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FIG. 3 
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FIG.9A 
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